Recently, evidence has accunmulated to indicate that the photoperiodic control -of floral induction is mediated by an endogenous rhythm with periods of approximately 24 hours (9, 10, 11, 12, 13, 18, 19, 20, 21, 22) . It has long been known that the floral response of Biloxi soybean varies with the length of the photoperiod (4, 5, 6, 7, 18) . The optimum response with 24 -hour treatment cycles is obtained with photoperiods between 6 and 10 hours and normally no flowering is produced with photoperiods longer than 14 or perhaps 14½2 hours (1, 28) . Hamner (18) , however, has shown that if a dark period of 16 hours is given in each cycle after photoperiods of different lengths, flowering is obtained with photoperiods as long as 16 and 18 hours. In those experiments, however, the cycle duration was varied with the different lengths of photoperiods given. Since Nanda and Hamner (23) 2 This work was supported in part by National Science Foundation Grant G-23983 and also by subsidy from the UCLA Space Science Center under the National Aeronautics and Space Administration sustaining grant NsG 237-62. 3 Present address: Department of Biology, Texas Technological College, Lubbock, Texas. similar conditions. The following standard procedures were used unless otherwise specified.
Seeds were sown in friable, sterilized soil mixed with vermiculite (2 parts soil to one part vermiculite). The soil used was Redondo Beach sand, a fine sandy loam soil, wlhich had been supplemented with nutrients. Three to 5 seeds were planted in pots on the surface of the soil mixture which had been thoroughly moistened. Seeds were pressed firmly into the wet soil and covered with approximately 3 cm of fresh, dry soil. After germination of the seeds, 5 to 7 days after planting, the soil in each pot was inoculated with root nodule bacteria obtainedI from mature soybean roots and daily watering initiated. Seedlings were grown under long-day conditions in the greenhouse at 20 to 300. The normal day length in the greenhouse was extended to approximately 20 hours by use of Mlazda lamps which were turned on at 4 PmI each evening and off at 2 AM to provide about 30 ft-c of illumination at the leaf surface. Air in the greenhouse was washed and filtered through activated charcoal to minimize smog damage.
After the first primary leaf had expanded, plants were selected for uniformity and thinned to leave 2 uniform plants in each pot. When the third trifoliate leaf was fully expanded (3 to 6 weeks after planting), the pots were moved to the experimental area and prepared for treatment. Twenty to 30 plants from each lot grown were left in the greenhouse as greenhouse controls.
A battery of G.E. power-groove, cool-white fluorescent tubes (F 96 PG 17/CW) were placed above the plants at a height which allowed approximately 1500 to 2000 ft-c of illumination, as measured with a Weston quartz meter, at the leaf surfaces for controlled photoperiod treatments. Normal temperature under these lights ranged from 27 to 300. Temperature experiments in which the photoperiod temperature was decreased were conducted using similar lights in a refrigerated temperature control room maintained at 120. Dark treatments were provided either by manually shifting the plants to dark chambers, or in some cases automatically in individual photocyclers (27) In figure 1 , the beginning of the first inhibitory zone in the cycle might be more accurately defined by plotting the curve using the end of the light interruption period rather than the time of initiation, for it appears that light extending into the second 12-hour period is inhibitory even though it might be initiated at some earlier time. Interruptions begun at the 22-hour point and extending to the 26-hour point are innocuous, presumably because the inhibition caused by light from 22 to interval. In figure 2 , therefore, the solid points represent the regressed value for a 6-cycle response to a treatment in which a 4-hour light interruption was initiated at the designated point in a tridiurnal treatment cycle. The regressed 6-cycle response was calculated from the treatment responses to 5, 6 , and 7 cycles of treatment and the maximum standard error for each point rarely exceeds twice the diameter of the point designations in the figure.
It was presumed that a 6-cycle response to stimulatory treatments would be more accurate than that obtained for 7 cycles because of the reduced variability in that range of flowering. The hollow circles in figure 2 represent a single point analysi)s for the 6-cycle response similar to that used for the 7-cycle response in figure 1 The results of these 2 experiments not only support previous findings that an endogenous rhythm participates in the photoperiodic flowering response, but also provide some insight into the mechanism of the operation of that rhythm. It is clear from experiment I that the 8-hour high intensity light period which initiates each 72-hour cycle controls the basic oscillation of the rhythm and that these oscillations proceed through 3 complete 24-hour cycles, each cycle of which has a 12-hour phase during which light inhibits flowering. It remainder of the 72-hour cycle. Another 2 treatment groups were run at 24 and 48-hour cycles as controls in which standard 8-hour photoperiods were applied at normal temperatures. Additional plants were separated into 9 treatment groups which were given different lengths of photoperiods at a reduced temperature of 120. The dark temperature for these treatments was maintained at 220 so that only the temperature of the photoperiod was changed for this second lot of treatments. At normal temperatures (curve 1, fig 3) , the optimum photoperiod occurs for a light duration of between 6 figure 4 indicates the floral response obtained with dlifferent lengths of intervening photoperiods at 120. Only the temperature of the intervening photoperiod was decreased. Donor photoperiods and dark periods were given at the samiie temperature used in previous experiments (280 and 220, respectively). As was the case in experiment III, the floral response curve is shifted by a temperature reduction and a temperature coefficient of approximately 2 may be calculated. It may be noted that there is a distinct bimodal character to the curves presented in figure 4 . The majority of this disposition is undoubtedly caused by the imposition of the donor response on that occasioned by the experimental, or intervening, photoperiods. There is some indication, however, that the responses have (lual character for other reasons as well. The curves presented in figure 3 tend to confirm this viewv since their responses are not complicated by the inclusion of donor treatments.
Discussion
It is clear that organisms throughout the plant and animal kingdoms have the ability to meter the passage of time with great accuracy. The mechanism whereby this time measurement is accomplished has been called the biological clock (14) . Many organisms exhibit circadian (approximately diurnal) rhythms in behavior or activity, and it is generally assumed by biologists that these rhythms are more or less a direct manifestation of the biological clock. Since these rhythms in activity or behavior proceed even when the organism is placed under constant environmental conditions, they have been called endogenous rhythms. It is apparent in plant photoperiodism, that the organism is using some kind of a biological clock to measure the length of the day. that there is a single biological clock involved in all of these phenomena.
Since the amount of flowering in Biloxi soybean plants is determined by when the plant receives light in relation to an endogenous circadian rhythm, the possibility is presented of using the magnitude of flowering to measure the status of the rhythm at any particular point when the plant is illuminated. In other words, study of photoperiodism might provide an insight into the mechanism of the biological clock.
The experiments described here indicate that the endogenous circadian rhythm of sensitivity which determines the photoperiodic response may be initiated by an 8-hour photoperiod of high intensity light, and that the strength of the oscillation thereby induced cannot be completely overcome by a 4-hour photoperiod coming out of phase with this rhythm some thirty-six hours later. Sirohi and Hamner (28) have shown that a 12-hour day is essentially innocuous with respect to the flowering response of Biloxi soybean, and this in spite of the fact that Biloxi soybean plants exposed to consecutive short days of 12 hours will flower. It appears that this plant fails to flower on day lengths longer than its critical (about 14 hours) because such day lengths are actively inhibitory to flowering and that the critical day length is determined by the length of the day beyond 12 hours which is sufficiently inhibitory to overcome the plant's natural tendency to flower. The oscillations of an endogenous rhythm induced by an 8-hour photoperiod gradually decrease in amplitude during the successive phases of the rhythm to the extent that illumination during the first photophobe phase is extremely inhibitory to flowering while illumination during the second photophobe phase is less inhibitory and during the third photophobe phase still less inhibitory, as is indicated by the control curve of Nanda and Hamner (23) . On the other hand, in the present experiments the third photophobe phase showed a great deal of inhibition caused by 4 hours of illumination. Presumably, therefore, the marked inhibition caused by 4 hours of illumination toward the end of the long dark period in the 72-hour cycle was an interaction between that light period and the succeeding photoperiod of the next 72-hour cycle. It seems possible that the 4-hour photoperiod initiated some sort of a rhythm of its own and that if the photophobe phase of that newly induced rhythm coincided with the photoperiod of the next cycle a marked inhibition resulted. Since the only measure we have of the status of the rhythm with periodic illumination is the ultimate flowering response and since this response is both stimulated and inhibited by light, the problems of interpretation are not simple.
Due to the impressive and almost overwhelming evidence for the involvement of phytochrome in the photoperiodic response as a photoreceptor (16), it would seem appropriate that some attempt be made to interpret our results in relation to the phytochrome pigment. It has been shown that the application of red or white light causes the conversion of the red absorbing phytochrome (Pr) to its far-red absorbing form (Pfr) and that subsequent radiation with farred light will convert the pigment back to its Pr form (3) . Pfr may also revert in darkness to Pr via another pathway which is purported to be temperature sensitive (2, 16 diversity of metabolic reactions. One might presume, however, that the action of phytochrome was dependent upon interaction with its available substrate (16, 17) . This might indeed be true, but at this point it would seem more appropriate to discuss the response in terms of substrate rather than phytochrome. There is good evidence that phytochrome is the photoreceptive pigment involved in the photoperiodic flowering response, but a rhythmic change in physiological state should be related to the primary energy source, light, rather than phytochrome. In experiment I, therefore, one would say that light was stimulatory, innocuous, or inhibitory to flowering depending on its time of occurrence with respect to an endogenous rhythm with periods of approximately 24 hours. An endogenous circadian rhythm appears to regulate the photoperiodic flowering response, and in spite of the fact that light may serve to phase or even initiate the rhythm, there is no evidence that phytochrome has any direct function in the time measuring capacity exhibited by the rhythm. Our results are in good agreement with the Bunning hypothesis in that light given during the photophil, or first 12 hours, of any 24-hour interval in the cycle is indeed stimulatory. The second 12 hours on the other hand is apparently photophobe, rather than scotophil as Bunning suggested (8, 10) . Light is obviously inhibitory during the second 12-hour interval. However, darkness in this interval is innocuous rather than stimulatory.
Sirohi and Hamner (28) have shown that light given in photoperiods shorter than the critical but exceeding 12 hours in duration may be inhibitory to flowering even though they may themselves be inductive. In experiments III an(d IV a study was made of the effect of photoperiod length on flowering in cycles long enough so that the photoperiod, regardless of its length, was always followed by long dark periods. In both these experiments flowering occurred at photoperiods much longer than would be obtained at cycle lengths of 24 hours. In both experiments, lowering the temperature (luring the photoperiod had a marked effect upon the length of the photoperiod required to produce the maximum flowering, indicating that the stimulation of flowering by high intensity photoperiod has a high temperature coefficient. In experiment IV where the variable photoperiod was given in an intervening cycle of 48 hours in length between 7 donor cycles, the stimulation of flowering by the intervening photoperiod at normal temperatures occurred during the first 12 hours of the photoperiod only. On the other hand, at lower temperature the stimulation occurred over a period of nearly 24 hours. It appears, therefore, that the basic rhythm inducedl by the photoperiod may be influenced by temperature.
In both experiments with differential photoperiods, the dark periods following each photoperiod are longer than any possible critical dark duration. The The application of differential light durations both as initial and intervened photoperiods in a tridiurnal cycle shows that the critical photoperiod is much longer than that obtained in 24-hour cycles. Since 72-hour cycles provide long dark periods after each photoperiod, the photoperiodic response cannot be ascribed to a critical dark requirement. Long photoperiods may inhibit and completely nullify floral stimulation, however, indicating that photoperiodic responses result from an interaction between stimulatory and inhibitory processes. Temperature during the photoperiod has a marked influence both on the critical photoperiod and the duration of light required for a maximum flowering response indicating that the high intensity light reaction has a high temperature coefficient. The results denote that the basic endogenous rhythm has separate components which interact to produce a temperature compensated clock mechanism which mediates photoperiodic time The initial observation (23) that a-hydroxysulfonates, which are effective competitive inhibitors of glycolate oxidase (20) , prevent the opening of stomata in the light stimulated further experiments on the physiology of stomatal movement (15) . It seemed reasonable to suspect that the enzymic oxidation of glycolic acid was connected with the process of stomatal opening, and hence that any interference with either the synthesis or further oxidative metabolism of this substrate mlight also result in an inhibition of stomatal opening.
In a previous report (15) 
Materials and Methods
Tobacco leaves (Nicotiana tabacum) were kept in the dark for an hour before the start of the experi-
